Abstract. OERFIM is a two-dimensional (2-D) multiparameter inverse method for calculating estuarine residual fluxes and net ecosystem production rates in estuaries and coastal inlets. OERFIM retains the optimum solution for a weighted system of property conservation equations following the mean squares criterion. The properties involved are volume, salinity, temperature, nutrients (NH4'-, NO2-, NO3 -2, and PO4-3), dissolved oxygen, and inorganic carbon. Derived variables such as NO, CO, PO, NCO, and PCO are also considered. OERFIM lies between optimum multiparameter analysis and inverse general ocean circulation models. The simplicity of the method allows for derivation of analytical solutions and a clear exposition of the estuarine box models evolution: from the pioneer, just determined Knudsen method to the overdetermined models such as OERFIM.
Introduction
Over the last 25 years, inverse methods have been a key tool for the understanding of (1) the steady state general ocean circulation [ Wunsch, 1977 [ Wunsch, , 1978 Mercier, 1986; Grose et al., 1994] , and (2) the complex mixing of water masses in the oceans [Tomczak, 1981 , 1997], whereas others have proposed using dynamic equations (conservation of vorticity) for water mass mixing problems [Tomczak, 1999] .
The circulation and mixing of water bodies in partially mixed estuaries and coastal inlets have been traditionally solved using estuarine box models [Officer, 1980] . They are just particular inverse problems. Classical estuarine box models are based on the equations of mass/volume and salinity conservation to describe the circulation of continental and ocean waters within the study system. We present here a simple inverse method (OERFIM), which also includes temperature and the chemical tracers, to obtain the twodimensional residual horizontal water fluxes in partially mixed estuaries and coastal inlets. The resultant overdetermined system of linear equations is solved on the basis of the least squares criterion, the most extended in ocean circulation [Wunsch, 1996] and optimum multiparameter (OMP) analysis of water mass mixing inverse methods [Tomczak, 1999] . The relative simplicity of the problem (only two water bodies are mixing) allows us to partly avoid the complicated numerical machinery developed to solve inverse problems [ Wunsch, and Minster, 1982; Tarantola and Valette, 1982] and shows the connection between classical estuarine box models and recent inverse methods. Therefore as in Wunsch' s "eclectic ocean model", our system of equations merges the available physical and chemical information.
In this paper we describe the method (section 2), derive the diverse box model approaches to estuarine circulation in the literature as particular cases of our general formulation (section 3), study the robustness of the estimations (section 4), and apply the method to study the exchange fluxes in the "Ria de Vigo", a large coastal inlet in NW Spain (section 5). 
Inverse Method
The study partially mixed system is segmented in a certain number of enclosed volumes, known as "boxes", delimited by vertical sections perpendicular to the main axis of the system, known as "walls" (Figure la) . The surrounding lands and the atmosphere also bound the boxes. A 2-D circulation pattern is assumed: The boxes are divided into two layers (surface and bottom), flowing in opposite directions (Figure lb) 
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and from the different conservative chemical variables: COco}• (equations (11) and (19)), NOco}• (equations (11) and (20)) and POco}• (equations (11) and (21)) or NCO (equations (11) and (22)) and PCO (equations (11) and (23) It is worth noting that the estimated error in equations (42) and (43) 
An equivalent expression can be written for the mass-heat-NCO-PCO optimum solution.
Representativeness Error of the Estimation
Errors calculated with equations (42)-(45) represent the expected uncertainty of the inverse method estimation in the hypothetical case that only the analytical errors of the measured variables affected the estimation. However, it is expected that the errors associated with the sampling strategy, that is, the criteria for choosing a certain number of sampling stations and depths which should be representative for the whole study system, are much larger than the analytical errors. Therefore a representativeness error, the oceanographic error (Oc), should be estimated and then, replacing the analytical errors (c) by the oceanographic errors (O0 in equations (42) 
Study Case of the "Ria de Vigo" (NW Spain). Description of a Complete UpwellingDownwelling Event in September 1990
Optimum residual fluxes and NEP rates were estimated by running OERFIM with a set of empirical data collected during a series of five consecutive surveys of the coastal upwelling system of the "Ria de Vigo" (NW Spain) in September 1990. All the required variables were measured during the surveys. Figure 4a shows the time course of the offshore Ekman transport (3 days running mean). An evolution is clearly observed from a situation of wind calm on September 14 to an upwelling peak on September 17, a subsequent upwelling relaxation to September 24 and, finally, a strong downwelling event that culminates on September 27 1990. Figure 4b shows because of wind-driven upwelling. Finally, from September 21 to 27 the surface circulation reversed again in response to the upwelling relaxation and subsequent strong downwelling.
Results From the Conservative Version of OERFIM (S, T, NCO, and PCO)
Optimum Qs and Q• values were calculated using the required data (Table 1) Table 1 ) contributes to warm the surface layer, enhancing the temperature gradient but producing no effect on the salinity, NCO, and PCO profiles. These tracers acquire more relevance for the calculation of optimum estuarine fluxes when continental runoff is higher, as occurs during the winter in the "Ria de Vigo" or throughout the year in most of the estuaries of large rivers. (41)). In addition, optimum net ecosystem production rates within the study box (NEP) were simultaneously obtained. The required data are summarized in Table 1, and the  corresponding results are presented in Table 3 
